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(54) A physical layer device having an analog serdes pass through mode

(57) A physical layer device (PLD) includes a first
serializer-deserializer (SERDES) device and a second
SERDES device. Each SERDES device includes an an-
alog portion with a serial port that is configured to com-
municate serial data with various network devices, and
a digital portion that is configured to communicate par-
allel data with other various network devices. The PLD
includes a first signal path that is configured to route se-
rial data signals between the analog portions of the
SERDES devices, bypassing the digital portions of the
SERDES devices. Therefore, the SERDES devices can
directly communicate serial data without performing
parallel data conversion. A second signal path is con-
figured to route recovered clock and data signals be-
tween the analog portions of the SERDES devices, but
still bypassing the digital portions of the SERDES devic-
es. The recovered clock and data signals are then re-
generated before being transmitted over a network de-
vice. Signal latency and hardware requirements are re-
duced by bypassing the digital portions of the SERDES
devices and avoiding the parallel conversion associated
with the digital portions.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application No. 60/365,806, filed March 21, 2002,
entitled " Gigabit Ethernet Transceiver" which is incor-
porated herein in by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates generally to data
communications.

Background

[0003] A data communication network includes multi-
ple communication devices and a connection infrastruc-
ture or medium for interconnecting or networking the
communication devices. The communication devices
may include stand-alone computers or embedded con-
trollers. Often, the communication devices include or
connect with high-speed analog serial data interfaces
or ports configured to operate at Gigabit-per-second
(Gbps) data rates. Typically, the serial data interfaces
are configured in accordance with known data transmis-
sion standards, such as optical fiber and copper wire
Ethernet standards. Therefore, there is a need for a con-
nection infrastructure capable of interfacing with such
high-speed analog serial data interfaces. It is desirable
that the connection infrastructure be capable of operat-
ing at the Gigabit-per-second data rates, and in accord-
ance with the different transmission standards.
[0004] At any given time, only a subset, such as two,
of the communication devices may need to communi-
cate with each other. A direct data connection or path
between the two communication devices facilitates
high-speed data communication. Over time, different
subsets of communication devices require different di-
rect path connections. Therefore, it is desirable that the
connection infrastructure be capable of being selective-
ly configurable to provide the different direct path con-
nections between communication devices.

Summary

[0005] In an embodiment, the present invention is di-
rected to a communication infrastructure or medium, re-
ferred to herein as a physical layer device (PLD), for se-
lectively interconnecting multiple communication devic-
es through high-speed serial data interfaces. The PLD
supports high-speed serial data exchanges between the
communication devices, at gigabit-per-second data
rates. The PLD supports different data transmission in-
terfaces and standards, such as Ethernet optical fiber
and copper line serial data interface standards. The PLD

is capable of being selectively configurable to provide
different direct path connections between different com-
munication devices.
[0006] In an embodiment, the PLD is constructed on
a integrated circuit (IC) chip, and includes a first serial-
izer-deserializer (SERDES) device and a second SER-
DES device. The first SERDES device includes a first
analog portion having a first serial port, and a first digital
portion having a first parallel port. Likewise, the second
SERDES device includes a second analog portion hav-
ing a second serial port, and a second digital portion
having a second parallel port. The first and second an-
alog portions can be connected to various network com-
munications devices through the respective serial ports
(e.g. a MAC or fiber module). Furthermore, the parallel
ports can also be connected to network devices (e.g.
copper phy). The PLD further includes a signal path that
connects the first serial port to the second serial port,
and which carries the serial data signals between the
analog portions of the first SERDES device and the sec-
ond SERDES device.
[0007] The signal path bypasses the digital portions
of the first and second SERDES devices. Therefore, the
signal path is implemented prior to parallel conversion
by the respective digital portions of the SERDES devic-
es, and also prior to recovering the clock and data sig-
nals. Therefore, signal latency and hardware require-
ments are reduced by bypassing the digital portions and
thereby avoiding the parallel conversion.
[0008] The first and second analog portions recover
clock and data signals from the serial data signals re-
ceived at their respective serial ports. In one embodi-
ment, the PLD includes a second signal path between
the first and second analog portions of the SERDES de-
vices. The second signal path is configured to route the
recovered clock and data signals between the analog
portions of the SERDES devices, but still bypasses the
digital portions of the SERDES devices. The recovered
clock and data signal are then regenerated before being
transmitted to another network device.
According to another aspect of the invention, a physical
layer device (PLD), comprises:

a first serializer-deserializer (SERDES) device in-
cluding (i) a first analog portion having a first serial
port, and (ii) a first digital portion coupled to said first
analog portion and having a first parallel port;
a second SERDES device including (i) a second an-
alog portion having a second serial port, and (ii) a
second digital portion coupled to said second ana-
log portion having a second parallel port;

wherein said first and second serial ports transmit
and receive serial data signals, and said first and second
parallel ports transmit and receive parallel data corre-
sponding to said serial data signals; and

a signal path that directly connects said first serial
port to said second serial port, and which carries said
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serial data signals between said analog portions of said
first SERDES device and said second SERDES device.
Advantageously, said first serial port interfaces with a
network device.
Advantageously, said network device is a media access
controller.
Advantageously, said second serial port interfaces with
a fiber module.
Advantageously, said first port of said first SERDES de-
vice interfaces with a network device.
Advantageously, said network device is a Ethernet de-
vice.
Advantageously, said first serial port interfaces with a
media access controller; said second serial port inter-
faces with a fiber module; and said first parallel port in-
terfaces with a Ethernet device.
Advantageously, said Ethernet device includes a copper
phy.
Advantageously, said second serial port is configured to
transmit a first serial data signal received from said first
analog portion, and said first serial port is configured to
transmit a second serial data signal from said second
analog portion.
Advantageously, the PLD further comprises a second
signal path between said first analog portion and said
second analog portion that is configured to route recov-
ered clock and data signals between said first and sec-
ond analog portions.
Advantageously, said second analog portion in said sec-
ond SERDES device is configured to regenerate recov-
ered clock and data signals from said first analog portion
according to a clock rate of said second analog portion.
Advantageously, said first analog portion includes,

(i) a first clock and data recovery module having an
input coupled to said first serial port that recovers
data and clock from said serial port and sends said
recovered data and clock to said digital portion of
said first SERDES device;
(ii) a first serializer and clock generator module hav-
ing an input coupled to said digital portion of said
first SERDES device and having an output coupled
to said serial port of said first analog portion;

said second analog portion includes,

(i) a second clock and data recovery module having
an input coupled to said second serial port that re-
covers data and clock from said second serial port
and sends said recovered data and clock to said
digital portion of said second SERDES device; and
(ii) a second serializer and clock generator module
having an input coupled to said digital portion of said
second SERDES device and having an output cou-
pled to said second serial port of said second ana-
log portion.

Advantageously, said signal path routes serial data from

an input of said first clock and data recovery module to
an output of said second serializer and clock generator
module, and routes serial data from an input of said sec-
ond clock and data recovery module to an output of said
first serializer and clock generator module.
Advantageously, said second signal path routes said re-
covered clock and data from an output of said first clock
and data recovery module to an input of said second
serializer and clock generator module, and said routes
said recovered clock and data from an output of said
second clock and data recovery module to an input of
said first serializer and clock generator module.
Advantageously, said second serializer and clock gen-
erator is configured to regenerate said recovered clock
and data from said first clock and data recovery module
prior to transmission over said second serial port, and
wherein said first serializer and clock generator module
is configured to regenerate said recovered clock and da-
ta from said second clock and data recovery module pri-
or to transmission over said second serial port.
Advantageously, said first SERDES device, said second
SERDES device, and said signal path are disposed on
a common substrate.
Advantageously, said common substrate is a CMOS
substrate.
According to another aspect of the invention, on a sub-
strate having a first SERDES device and a second SER-
DES device, each SERDES device having an analog
portion and a digital portion, a method comprises:

receiving serial data from a first network device at
a first analog portion of said first SERDES device;
routing said serial data from said first analog portion
of said first SERDES device to a second analog por-
tion of said second SERDES device, and bypassing
respective digital portions of said first and second
SERDES devices;
transmitting said serial data from said second ana-
log portion of second SERDES device over a sec-
ond network device.

According to another aspect of the invention, on a sub-
strate having a first SERDES device and a second SER-
DES device, each SERDES device having an analog
portion and a digital portion, a method comprises the
steps of:

receiving serial data from a first network device at
a first analog portion of said first SERDES device;
recovering, in said first analog portion, a clock sig-
nal and a data signal from serial data;
routing said recovered clock signal and said recov-
ered data signal from said first analog portion of said
first SERDES device to a second analog portion of
said second SERDES device, and bypassing digital
portions of said first and second SERDES devices;
regenerating said first serial data, at said second
analog portion, from said recovered clock signal
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and said recovered data signal,
transmitting said regenerated serial data from said
second analog portion of second SERDES device
over a second network.

According to another aspect of the invention, a physical
layer device (PLD), comprises:

a first serializer-deserializer (SERDES) device in-
cluding a first analog portion, and a first digital por-
tion coupled to said first analog portion;
a second SERDES device including a second ana-
log portion and a second digital portion coupled to
said second analog portion; and
a signal path configure to route serial data signals
between said first analog portion and said second
analog portion, bypassing said digital portions of
said first and second SERDES devices.

Advantageously, said first SERDES device is config-
ured to transmit and receive serial data signals to a first
network device and parallel data signals to a second
network device.
Advantageously, said second SERDES device is con-
figured to transmit and receive serial data signals to a
third network device.
Advantageously, the PLD further comprises a second
signal path configured to route recovered data and clock
signals between said first and second analog portions.
Advantageously, a clock signal received at said first se-
rial port is routed to said second serial port through said
first signal path.
[0009] Further embodiments, features, and advan-
tages of the present invention, as well as the structure
and operation of the various embodiments of the
present invention, are described in detail below with ref-
erence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0010] The accompanying drawings/Figures, which
are incorporated herein and form a part of the specifi-
cation, illustrate the present invention and, together with
the description, further serve to explain the principles of
the invention and to enable a person skilled in the per-
tinent art to make and use the invention. In the drawings,
like reference numbers indicate identical or functionally
similar elements. In the drawings, the indicators "D," "S,"
"d" and "c" respectively indicate or represent "Deserial-
izer," "Serializer," "data signal," and "clock signal."
[0011] FIG. 1 is a block diagram of an example system
in which an example physical layer device (PLD) may
operate.
[0012] FIG. 2A is a block diagram of a portion of the
PLD of FIG. 1, corresponding to when a path selector
of the PLD is in a first configuration.
[0013] FIG. 2B is a block diagram of a portion of the
PLD of FIG. 1, corresponding to when the path selector

is in a second configuration.
[0014] FIG. 3 is a block diagram of an example ar-
rangement of the path selector.
[0015] FIG. 4 illustrates a block diagram of analog
SERDES-to-SERDES pass through mode.

DETAILED DESCRIPTION OF THE INVENTION

[0016] FIG. 1 is a block diagram of an example system
100 in which embodiments of the present invention may
operate. System 100 includes a physical layer device
(PLD) 102 operated and constructed in accordance with
the present invention. In an embodiment, PLD 102 is
constructed on a single integrated circuit (IC) substrate
or chip. PLD 102 may be implemented in Complemen-
tary Metal Oxide Semiconductor (CMOS) technology,
for example. Other semiconductor technologies may be
used.
[0017] PLD 102 includes multiple input/output (I/O)
ports 104, 106 and 108. I/O ports 104-108 represent
connectors, conductive traces, PLD I/O pins, receivers
and drivers, and the like, associated with coupling sig-
nals to and from PLD 102. PLD 102 includes a serializer-
deserializer (SERDES) device 110 coupled to I/O port
104, a SERDES device 112 coupled to I/O port 106, and
a SERDES device 114 coupled to I/O port 108. Each
SERDES device includes (i) a transmitter/serializer (S)
for serializing a parallel data signal, to produce a serial
data signal, and (ii) a receiver/deserializer (D) for dese-
rializing a serial data signal, to produce a parallel data
signal, as is described in detail below. PLD 102 also in-
cludes a path selector 116 coupled between SERDES
devices 110, 112 and 114, and a controller 118 for con-
trolling path selector 116.
[0018] PLD 102 interfaces with a communication or
network device 120 through I/O port 104 and a high-
speed analog serial data interface 122 (where the I/O
port and the data interface are collectively referred to as
a serial interface of PLD 102). Network device 120 may
be a Media Access Controller (MAC). Serial data inter-
face 122 includes bi-directional serial data signals 122a
and 122b, and a clock signal 122c synchronized with
serial data signal 122b. Bi-directional serial data signals
122a and 122b have example baud rates of 1.25 Gbps,
and clock signal 122c has a corresponding example
clock rate or frequency of 1.25 GHz.
[0019] PLD 102 interfaces with an optical fiber module
124 through I/O port 106 and a high-speed analog serial
data interface 126 (where the I/O port and the data in-
terface are collectively referred to as a serial interface
of PLD 102). High-speed serial data interface 126 in-
cludes bi-directional analog serial data signals 126a and
126b having example baud rates in the gigabit-per-sec-
ond range. Serial interface 126 also includes a clock sig-
nal 126c synchronized with and having a frequency
commensurate with serial data signal 126b. Optical fiber
module 124 interfaces with an optical line 127. Optical
fiber module 124 may operate in accordance with IEEE
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802.3 for 1000 Base-X, for example.
[0020] SERDES device 114 interfaces with a commu-
nication or network device 128 through I/O port 108 and
a high-speed analog serial data interface 130 (where the
I/O port and the data interface are collectively referred
to as a serial interface of PLD 102). Serial data interface
130 includes bi-directional serial data signals 130a and
130b having baud rates in the Gbps range. Serial data
signals 130a and 130b may be carried over a copper
line associated with an Ethernet link, for example, cou-
pled to I/O port 108. SERDES device 114 may be an
Ethernet transceiver that operates in accordance with
IEEE 802.3 for 10/100/1000 Base-T, for example. It is
understood that optical fiber module 124 and SERDES
device 114 are exemplary and may be replaced by a
multitude of other interface devices in other arrange-
ments of the present invention. For example, SERDES
device 112 and optical system 124 and 127 may be re-
placed with a transceiver and an associated interface
suitable for copper-based signals, while SERDES de-
vice 114 and associated interface 130 may be replaced
by a transceiver and interface suitable for optical sig-
nals, and so on.
[0021] SERDES device 110 includes a deserializer
110a and a serializer 110b. Deserializer 110a includes
a deserializer input 140, a clock and data recovery mod-
ule 142, and deserializer output 144. In operation, com-
munication device 120 transmits serial data signal 122a
to deserializer input 140. Clock and data recovery mod-
ule 142 deserializes serial data signal 122a received at
deserializer input 140, to produce a deserialized data
signal 146. The terms "deserializes" and "deserializing"
mean to convert serial data to parallel data. Clock and
data recovery module 142 recovers a clock signal 148
from received serial data signal 122a. Recovered clock
signal 148 represents received signal timing, for exam-
ple, the timing of data symbols included in received se-
rial data signal 122a. Deserializer 110a transmits sig-
nals 146 and 148 from deserializer output 144. Clock
signal 148 is synchronous with data signal 146.
[0022] Clock and data recovery module 142 gener-
ates deserialized data signal 146 as a series of N1-bit
wide parallel digital data words, having a data rate equal
to R1/N1, where R1 is the data rate of received serial
data signal 122a. Thus, the aggregate data rate of de-
serialized data signal 146 is equal to the data rate of
serial data signal 122a. Module 142 generates clock sig-
nal 148 synchronously with deserialized data signal
146, and at a frequency equal to R1/N1. In an example
arrangement, N1 = 10 and R1 = 1.25 GHz. Thus, serial
data signal 122a has a data rate of 1.25 GHz, module
142 generates 10-bit parallel words at a data rate of 125
MHz (1.25 GHz = 10 times 125 MHz), and clock signal
148 has a frequency of 125 MHz.
[0023] Serializer 110b includes a serializer input 150,
a serializer and clock generator module 152, and a se-
rializer output 153. In configurations to be described be-
low, path selector 116 provides a deserialized data sig-

nal 154 and an associated clock signal 156 to deserial-
izer input 150. Serializer and clock generator 152 seri-
alizes deserialized data signal 154 in accordance with
clock signal 156, to produce serialized data signal 122b.
The terms "serializes" and "serializing" mean to convert
parallel data to serial data. Serializer and clock genera-
tor 152 also produces clock signal 122c synchronous
with serial data signal 122b. Serializer 110b transmits
signals 122b and 122c from serializer output 153.
[0024] In an example arrangement, deserialized data
signal 154 includes a series of N2-bit wide parallel digital
data words, having a data rate equal to R2/N2, where
R2 is the data rate of received serial data signal 126a.
Thus, the aggregate data rate of deserialized data signal
154 is equal to the data rate of serial data signal 126a.
Also, clock signal 156 is synchronous with deserialized
data signal 154, and has a frequency equal to R2/N2.
In an example arrangement, N2 = 10 and R2 = 1.25
GHz. Thus, serial data signal 126a has a data rate of
1.25 GHz, data signal 154 includes 10-bit parallel words
at a data rate of 125 MHz (1.25 GHz = 10 times 125
MHz), and clock signal 156 has a frequency of 125 MHz.
Based on these data and clock rates, serializer 152 gen-
erates serial data signal 122b at a data rate of 1.25 GHz,
and clock signal 122c at a frequency of 1.25 GHz.
[0025] The terms "deserialized" and "parallel" are
used equivalently and interchangeably herein. Also, a
deserializer output is a parallel data output and a seri-
alizer input is a parallel data input. Together, a deserial-
izer output (e.g., deserializer output 144) and a serializ-
er input (e.g., serializer input 150) represent a parallel
port of a SERDES device (e.g., a parallel port of SER-
DES device 110). Similarly, a deserializer input (e.g., de-
serializer input 140) and a serializer output (e.g., serial-
izer output 153) collectively represent a serial port of a
SERDES device (e.g., a serial port of SERDES device
110).
[0026] SERDES 112 includes a deserializer 112a and
serializer 112b. Deserializer 112a includes a serializer
input 158, a clock and data recovery module 160 and a
deserializer output 162. Deserializer 112a operates in
substantially the same way as deserializer 110a. Seri-
alizer input port 158 receives serial data signal 126a.
Clock and data recovery module 160 deserializes re-
ceived serial data signal 126a, to produce deserialized
or parallel data signal 164. Module 160 also recovers a
clock signal 166 from received serial data signal 126a.
From deserializer output 162, deserializer 112a trans-
mits signals 164 and 166 to path selector 116.
[0027] Serializer 112b operates in substantially the
same way as serializer 110b. In configurations to be de-
scribed below, path selector 116 provides a deserialized
or parallel data signal 174 and its associated clock sig-
nal 176 to serializer input 168. Serializer and clock gen-
erator module 170 serializes deserialized data 174 in
accordance with clock signal 176, to produce serial data
signal 126b and its associated clock signal 126c. Data
signal 126b and clock signal 126c have example data
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and clock rates in the GHz range. Together, deserializer
output 162 and serializer input 168 represent a parallel
port 177 of SERDES device 112. SERDES device 112
supports example data rates and uses parallel data bit-
widths similar to or the same as those of SERDES de-
vice 110, mentioned above. In an alternative arrange-
ment, module 170 generates only a serial data signal
that essentially encapsulates both data and clock sig-
nals 126b and 126a.
[0028] SERDES 114 includes a deserializer 114a and
a serializer 114b. Serializer 114a include a serializer in-
put 178 and a serializer output 180. Deserializer 114b
includes a deserializer input 184 and a deserializer out-
put 182. In configurations to be described below, path
selector 116 provides a deserialized data signal 186 to
serializer input 178. Serializer 114a serializes deserial-
ized data signal 186 into serialized data signal 130a, and
transmits the serialized data signal from serializer out-
put 180. Deserializer 114b receives serial data signal
130b at deserializer input 184. Deserializer 114b dese-
rializes serial data signal 130b, to produce deserialized
data signal 188. Deserializer 114b transmits deserial-
ized data signal 188 to path selector 116, from deseri-
alizer output 182. Together, deserializer output 182 and
serializer input 178 represent a parallel port 189 of SER-
DES device 114. SERDES device 114 may support ex-
ample data rates similar to or the same as those of SER-
DES devices 110 and 112, mentioned above. SERDES
device 114 may support parallel data bit-widths different
from those used with SERDES devices 110 and 112, for
the reason discussed below in connection with FIG. 3.
In another embodiment, SERDES device 114 generates
clock signals associated with data signals in a manner
similar to SERDES devices 110 and 112.
[0029] Controller 118 provides a control signal 190 to
path selector 116. Control signal 190 selects alternative
first and second configurations of path selector 116.
That is, path selector 116 is selectively configurable re-
sponsive to control signal 190. At a high level, path se-
lector 116 can be considered to include a switch having
connection nodes 192, 193 and 194, respectively cou-
pled to parallel ports 159, 177 and 189. The switch has
selectable first and second positions corresponding to
the first and second configurations mentioned above.
[0030] The first switch position (depicted in FIG. 1)
couples together nodes 192 and 193, while the second
position couples together nodes 192 and 194. Thus, in
the first switch position, selector 116 couples parallel
port 159 to parallel port 177, whereby bi-directional de-
serialized data signals and their associated clock sig-
nals are routed between these parallel ports. This con-
figuration is referred to as a SERDES pass-through
mode. Alternatively, in the second switch position, se-
lector 116 couples parallel port 159 to parallel port 189,
whereby bi-directional serial data signals are routed be-
tween these parallel ports. Thus, path selector 116 is
selectively configurable to provide either:
[0031] (i) in a first configuration, a bi-directional signal

path between parallel port 159 of SERDES device 110
and parallel port 177 of SERDES device 112; or
[0032] (ii) in a second configuration, a bi-directional
signal path between parallel port 159 of SERDES device
110 and parallel port 189 of SERDES device 114.
[0033] The bi-directional signal paths provided by
path selector 116 carry parallel data, and clock signals
when appropriate, between the respective parallel ports
of SERDES devices 110, 112 and 114. The first config-
uration of path selector 116 essentially interconnects
communication or network devices 120 and 124, where-
by these devices can exchange data with each other at
Gbps data rates, through PLD 102. More specifically,
devices 120 and 124 exchange data through their re-
spective serial interfaces, SERDES devices 110 and
112, and path selector 116.
[0034] The second configuration of path selector 116
essentially interconnects communication or network de-
vices 120 and 128, whereby these devices can also ex-
change data at Gbps data rates through their respective
serial interfaces, SERDES devices 110 and 114, and
path selector 116. From the perspective of device 120,
PLD 102 provides a single IC chip connection infrastruc-
ture that selectively interconnects device 120 to either
of devices 124 and 128, through the single serial inter-
face (122) of device 120. This reduces the number of
communication ports associated with device 120, and
the number of I/O pins required on any communication
port of device 120 that interfaces with PLD 102.
[0035] FIG. 2A is a block diagram of a portion of PLD
102 corresponding to when path selector 116 is in, or
set to, the first configuration. In the first configuration,
path selector 116 provides bi-directional signal paths
204a and 204b (collectively, bi-directional signal path
204) for routing signals between parallel port 159 of
SERDES device 110 and parallel port 177 of SERDES
device 112. Specifically, signal path 204a routes data
and clock signals 164 and 166 from deserializer output
162 to serializer input 150. In the first configuration, data
signals 154 and 164 are the same and clock signals 156
and 166 are the same. Also, signal path 204b routes
data and clock signals 146 and 148 from deserializer
output 144 to serializer input 168. In this configuration,
deserialized data signals 174 and 146 are the same and
recovered clock signals 176 and 148 are the same.
[0036] FIG. 2B is a block diagram of a portion of PLD
102 corresponding to when path selector 116 is in the
second configuration. In the second configuration, path
selector 116 provides bi-directional signal paths 210a
and 210b (collectively, bi-directional signal path 210) for
routing bi-directional deserialized data signals between
parallel port 159 and parallel port 177. Specifically, sig-
nal path 210a routes data signal 188 from deserializer
output 182 to serializer input 150. In the first configura-
tion, data signals 188 and 154 carry the same data con-
tent. Also, signal path 204b routes data signal 146 from
deserializer output 144 to serializer input 178. In this
configuration, deserialized data signals 146 and 186
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carry the same data content. In the second configura-
tion, path selector 116 generates clock signal 156 syn-
chronous with data signal 154, in the manner described
below in connection with FIG. 3.
[0037] FIG. 3 is a block diagram of an example ar-
rangement of path selector 116. All of the data signal
paths depicted in FIG. 3 are parallel data paths. Path
selector 116 includes a plurality of multiplexers or selec-
tors 304, 306 and 308, and a digital processor section
310 (also digital section). Controller 118 configures each
of the mutiplexers or selectors 304-308 and digital sec-
tion 310 as appropriate to set path selector 116 in either
the first configuration or the second configuration, ac-
cording to control signal 190. Thus, mutiplexers 304,
306 and 308 are collectively referred to herein as mul-
tiplexer logic that is configurable to support either the
first or second configuration according to control signal
190.
[0038] Controller 118 sets control signal 190 to either
a first value or a second value to respectively set path
selector 116 to either the first configuration or the sec-
ond configuration. For example, in an arrangement
where control signal is a digital signal, controller 118
sets control signal to either a logic "0" or a logic "1" to
respectively configure path selector 116 in either the first
configuration or the second configuration. Alternatively,
the polarity of control signal 190 may be reversed. In
another arrangement, controller 118 generates multiple
control signals.
[0039] Digital section 310 includes digital control and
signal processing logic to perform exemplary functions
such as data encoding, data packetizing, data decoding
and data depacketizing, when path selector 116 is set
to the second configuration, as described below. Digital
section 310 also includes an enable circuit (not shown)
to selectively disable or enable the operation of the dig-
ital section responsive to control signal 190, when path
selector 116 is in the first and second configurations, re-
spectively. In an arrangement, the enable circuit is a
switch, connected between a power supply rail of PLD
102 and operational circuits of digital section 310, re-
sponsive to control signal 190. The switch removes
power from the operational circuits of digital section 310,
to disable the digital section, when path selector 116 is
set to the first configuration. In the second configuration,
the switch applies power to the operational circuits of
digital section 310, to enable the digital section.
[0040] When control signal 190 sets path selector 116
to the first configuration, the path selector operates as
follows. Multiplexer 304 passes deserialized data signal
146 to serializer 112b, as deserialized data signal 174.
Multiplexer 306 passes deserialized data signal 164 to
serializer 110b, as deserialized data signal 154. Multi-
plexer 308 passes clock signal 166 to serializer 110b,
as clock signal 156. Clock signal 148 passes from de-
serializer 110a, directly through path selector 116, to se-
rializer 112b. Thus, the first signal path through path se-
lector 116 includes multiplexers 304, 306 and 308 con-

figured as just described.
[0041] When control signal 190 sets path selector 116
to the second configuration, the path selector operates
as follows. Multiplexer 304 passes deserialized data sig-
nal 146 to an input of digital section 310, as data signal
311. Digital section 310 processes deserialized data sig-
nal 311/146, to produce deserialized data signal 186.
For example, digital section 310 may reformat deserial-
ized data signal 146 by removing error correction and
packet protocol bits from deserialized data signal 146.
Digital section 310 also receives deserialized data sig-
nal 188 from deserializer 114b. Digital section 310 gen-
erates a deserialized data signal 314 from deserialized
data signal 188. For example, digital section 310 may
reformat deserialized data signal 188 by adding error
correction and packet protocol bits to the signal 188.
[0042] Multiplexer 306 passes deserialized data sig-
nal 314 to serializer 110b, as deserialized data signal
154. Digital section 310 generates a data clock 316 syn-
chronous with deserialized data signal 314. Multiplexer
308 passes data clock 316 to serializer 110b, as clock
signal 156. Thus, the second signal path through path
selector 116 includes multiplexers 304, 306 and 308,
and digital section 310, configured as just described.
[0043] FIG.4 illustrates a physical layer device 400
having a SERDES pass through mode from the SER-
DES device 110 to the SERDES device 112 that is per-
formed entirely in the analog domain. In other words,
serial data is passed between SERDES devices 110 and
112 without parallel conversion and without digital con-
version, so that parallel data ports (e.g. 144, 150,
162,168) are bypassed. By sending serial data between
SERDES devices, this precludes any frequency conver-
sion and/or bit stuffing that would be required in the dig-
ital domain. Therefore, the analog SERDES-to-SER-
DES pass through reduces latency and hardware re-
quirements when compared to the digital domain tech-
niques.
[0044] Referring to FIG. 4, the SERDES device 110
from FIG. 1 is further defined to include an analog por-
tion 402 and a digital portion 404. This is done for ease
of the following discussion of the analog SERDES pass
through mode. Likewise, the SERDES device 112 is fur-
ther defined to include an analog portion 406 and a dig-
ital portion 408.
[0045] In the SERDES device 110, the analog portion
402 includes a serial data port 438 having the deserial-
izer input 140 and the serializer output 153, a clock and
data recovery module 410, and a serializer and clock
generator module 412. The digital portion 404 includes
the parallel deserializer output 144 and the de-serialized
input 150. The functionality of the analog and digital por-
tions and their respective components will be further de-
scribed below.
[0046] The clock and data recovery module 410 is on-
ly a portion of the clock and data recovery module 142
in FIG. 1. More specifically, the clock and data recovery
module 410 only recovers a serial data 414 and clock
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signal 416, but does not perform the serial-to-parallel
conversion, as the parallel conversion is performed by
the SERDES digital device 404. The digital portion 404
receives the serial data 414 and the clock signal 416.
The digital portion 404 performs the data rate conver-
sion R1/N1 discussed above, and generates the parallel
deserializer output 144 that is communicated to the de-
vice 128. Likewise, the serializer and clock generator
412 is only a portion of the serializer and clock generator
152. More specifically, the digital portion 404 receives
the parallel deserialized signal input 150, and performs
the parallel-to-serial conversion along with the serializer
and clock generator 412. For example, the digital portion
404 performs the data rate conversion N1/R1, and also
performs any bit stuffing or comma stuffing that is nec-
essary to align data and or clock rates between the de-
vice 128 and the devices 120 or 124. After which, the
digital portion generates aligned data 418 and clock 420
that is sent to the serializer and clock generator 412 in
the analog portion 402 for further processing.
[0047] In the SERDES device 112, the analog portion
406 includes a serial data port 440 having the deserial-
izer input 158 and the serializer output 172, a clock and
data recovery module 422, and a serializer and a clock
generator module 424. The digital portion 408 includes
the parallel deserializer output 162 and the de-serialized
input 168.
[0048] Referring to the analog portion 406, the clock
and data recovery module 422 is only a portion of the
clock and data recovery module 160 in FIG. 1. More spe-
cifically, the clock and data recovery module 422 only
recovers a serial data 426 and clock signal 428, but does
not perform the serial-to-parallel conversion, as the par-
allel conversion is performed by the digital portion 408.
The digital portion 408 receives the serial data 426 and
the clock signal 428. The digital portion 408 performs
the data rate conversion R1/N1 discussed above, and
generates a parallel output signal at the parallel deseri-
alizer output 162 that can be communicated to the de-
vice 128. Likewise, the serializer and clock generator
424 is only a portion of the serializer and clock generator
170. More specifically, the digital portion 408 receives
the parallel data at the parallel deserialized input 168,
and performs the part of the parallel-to-serial conversion
along with the serializer and clock generator 424. For
example, the digital portion 408 performs the data rate
conversion N1/R1, and also perform any bit stuffing or
comma stuffing that is necessary to align data and or
clock rates between the device 128 and the devices 120
or 124. After which, the digital portion generates aligned
data 430 and clock 432 that is sent to the serializer and
clock generator 424 in the analog portion 110 for further
processing.
[0049] The SERDES-to-SERDES analog pass
through mode is implemented using signal path 434 or
signal path 436. A feature of the signal paths 434 and
436 is that they are implemented directly between the
analog portion 402 and 406, and therefore bypass the

digital portions 404 and 408. The signal path 434 directly
connects the first serial port 438 to the second serial port
440, and carries said serial data signals between re-
spective analog portions of the first SERDES device 110
and the second SERDES device 112. The signal path
436 directly connects recovered clock and data signals
between the analog portion 402 and the analog portion
406. More specifically, the output of the clock and data
recovery module 410 from the analog portion 402 is di-
rectly connected to the input of the serializer clock gen-
erator 424. Likewise, the output of the clock and data
recovery module 422 from the analog portion 406 is di-
rectly connected to the input of the serializer clock gen-
erator 412.
[0050] The signal path 434 carries bi-directional serial
data signals between the first analog portion 402 and
the second analog portion 406. More specifically, the
signal path 434 carries serial data signals 122a that are
received from the device 120 to the serial port 440 for
re-transmission as serial data 126b over the device 124.
The first signal path 434 also carries data signals 126a
that are received from the device 124 to the serial port
438 for re-transmission as serial data 122b over the de-
vice 120. It is noted that the signal data path 434 is im-
plemented prior to parallel conversion by the digital por-
tion 404, and also prior to recovering the clock and data.
Therefore, the data signals carried by the first signal
path 434 are serial data signals that include combined
clock and data information. Furthermore, signal latency
is reduced by not performing the parallel conversion.
Still further, hardware requirements are reduced be-
cause the bit rate change is also avoided.
[0051] In one embodiment, the device 120 is a media
access controller (MAC), the device 124 is a fiber mod-
ule, and the device 128 is an Ethernet device (e.g. cop-
per phy). Therefore, serial data 122 from the MAC 124
that is intended for the Ethernet device 128 can be im-
mediately re-transmitted back out to the fiber module
124. This enables various applications such as testing
serial data signals that are received from MAC 120 at
the fiber module 124. For example, serial data signals
from the MAC 124 that are intended for the Ethernet de-
vice 128, can be sniffed or tested by the fiber module
124.
[0052] The signal path 436 carries bi-directional clock
and data signals between the first analog portion 402
and the second analog portion 406. More specifically,
the signal path 436 carries recovered serial data 414
and clock 416 from the output the clock and data recov-
ery module 410 to the serializer and clock generator
module 424. In other words, the serial data 414 is re-
ceived at the input 430, and the clock signal 416 is re-
ceived at the input 432. The clock rate 416 of the analog
portion 402 of the SERDES device 110 may be different
from the clock rate of the analog portion 406 of the SER-
DES device 112. Therefore, the serializer and clock gen-
erator 424 regenerates the serial and clock data signals
so that they are compatible with the device 124. The sig-
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nal-to-noise ratio is improved by regenerating clock and
data signals prior to re-transmission.
[0053] The signal path 436 carries recovered serial
data 426 and clock 428 from the output the clock and
data recovery module 422 to the serializer and clock
generator module 412. In other words, the serial data
426 is received at the input 418, and the clock signal
428 is received at the input 420. The clock rate 428 of
the analog portion 406 of the SERDES device 112 may
be different from the clock rate of the analog portion 402
of the SERDES device 110. Therefore, the serializer and
clock generator 412 regenerates the serial and clock da-
ta signals so that they are compatible with the device
120. The signal-to-noise ratio is improved by regener-
ating clock and data signals prior to re-transmission.
[0054] Additionally, the receive clock 416 can be rout-
ed through the signal path 436 to the transmit clock 432.
Likewise, the receive clock 428 can be routed through
the signal path 436 to the transmit clock 420. (This is
not shown in FIG. 4 for ease of illustration.)
[0055] Additionally, if a clock is received with the sig-
nal 122, then it can be looped back through the signal
path 434 to the serial port 440 for re-transmission at the
device 124. Similarly, if a clock is received with the signal
126, then it can also be looped back through the signal
path 434 for transmission to the device 120.
[0056] The signal path 442 carries bi-directional par-
allel data signals between the digital portion 404 in the
SERDES device 110 and the digital portion 408 in the
SERDES device 112. More specifically, the signal path
442 carries parallel data 130a from the parallel deseri-
alized output 144 to the parallel input 162 of the digital
portion 408. The digital portion 408 may perform bit
stuffing or comma stuffing in the parallel data to align
the data rates between the digital portion 404 and the
digital portion 408. Likewise, the signal path 442 also
carries parallel data from the parallel deserialized output
162 of the digital portion 408 to the parallel input 150 of
the digital portion 404. The signal path 442 can be used
to re-transmit data from the device 124 to the devices
120, or even the device 124. However, unlike signal
paths 434 and 436, digital conversion is necessary.

Conclusion

[0057] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example,
and not limitation. It will be apparent to persons skilled
in the relevant art that various changes in form and detail
can be made therein without departing from the spirit
and scope of the invention.
[0058] The present invention has been described
above with the aid of functional building blocks illustrat-
ing the performance of specified functions and relation-
ships thereof. The boundaries of these functional build-
ing blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries

can be defined so long as the specified functions and
relationships thereof are appropriately performed. Any
such alternate boundaries are thus within the scope and
spirit of the claimed invention. One skilled in the art will
recognize that these functional building blocks can be
implemented by analog and/or digital circuits, discrete
components, application specific integrated circuits,
firmware, processors executing appropriate software
and the like or any combination thereof. Thus, the
breadth and scope of the present invention should not
be limited by any of the above-described exemplary em-
bodiments, but should be defined only in accordance
with the following claims and their equivalents.

Claims

1. A physical layer device (PLD), comprising:

a first serializer-deserializer (SERDES) device
including (i) a first analog portion having a first
serial port, and (ii) a first digital portion coupled
to said first analog portion and having a first
parallel port; ,
a second SERDES device including (i) a sec-
ond analog portion having a second serial port,
and (ii) a second digital portion coupled to said
second analog portion having a second parallel
port;

wherein said first and second serial ports
transmit and receive serial data signals, and said
first and second parallel ports transmit and receive
parallel data corresponding to said serial data sig-
nals; and

a signal path that directly connects said first
serial port to said second serial port, and which car-
ries said serial data signals between said analog
portions of said first SERDES device and said sec-
ond SERDES device.

2. The PLD of claim 1, wherein said first serial port in-
terfaces with a network device.

3. The PLD of claim 2, wherein said network device is
a media access controller.

4. The PLD of claim 1, wherein said second serial port
interfaces with a fiber module.

5. The PLD of claim 1, wherein said first port of said
first SERDES device interfaces with a network de-
vice.

6. The PLD of claim 5, wherein said network device is
a Ethernet device.

7. The PLD of claim 1, wherein:
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said first serial port interfaces with a media ac-
cess controller;
said second serial port interfaces with a fiber
module; and
said first parallel port interfaces with a Ethernet
device.

8. On a substrate having a first SERDES device and
a second SERDES device, each SERDES device
having an analog portion and a digital portion, a
method comprising:

receiving serial data from a first network device
at a first analog portion of said first SERDES
device;
routing said serial data from said first analog
portion of said first SERDES device to a second
analog portion of said second SERDES device,
and bypassing respective digital portions of
said first and second SERDES devices;
transmitting said serial data from said second
analog portion of second SERDES device over
a second network device.

9. On a substrate having a first SERDES device and
a second SERDES device, each SERDES device
having an analog portion and a digital portion, a
method comprising the steps of:

receiving serial data from a first network device
at a first analog portion of said first SERDES
device;
recovering, in said first analog portion, a clock
signal and a data signal from serial data;
routing said recovered clock signal and said re-
covered data signal from said first analog por-
tion of said first SERDES device to a second
analog portion of said second SERDES device,
and bypassing digital portions of said first and
second SERDES devices;
regenerating said first serial data, at said sec-
ond analog portion, from said recovered clock
signal and said recovered data signal,
transmitting said regenerated serial data from
said second analog portion of second SERDES
device over a second network.

10. A physical layer device (PLD), comprising:

a first serializer-deserializer (SERDES) device
including a first analog portion, and a first digital
portion coupled to said first analog portion;
a second SERDES device including a second
analog portion and a second digital portion cou-
pled to said second analog portion; and
a signal path configure to route serial data sig-
nals between said first analog portion and said
second analog portion, bypassing said digital

portions of said first and second SERDES de-
vices.
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